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HORTICULTURAL ENTOMOLOGY
Field Attraction of the Vine Weevil Otiorhynchus sulcatus
to Kairomones
ROBERT W.H.M. VAN TOL,1 DENNY J. BRUCK,2 FRANS C. GRIEPINK,1
AND WILLEM JAN DE KOGEL1
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ABSTRACT Root weevils in the genusOtiorhynchus are cited as one of the most important pests in
themajor nursery and small fruit production areas throughout theUnited States, westernCanada, and
northern Europe. A major problem in combating weevil attack is monitoring and timing of control
measures. Because of the night-activity of the adult weevils growers do not observe the emerging
weevils in a timely manner and oviposition often starts before effective control measures are taken.
Several vine weevil electroantennogram-active plant volatiles were identiÞed from a preferred host
plant,Euonymus fortunei.Main compounds evoking antennal responses on theweevilsÕ antennaewere
(Z)-2-pentenol, (E)-2-hexenol, (Z)-3-hexenol, methyl benzoate, linalool, (E)-4,8-dimethyl-1,3,7-
nonatriene, methyl eugenol, and (E, E)--farnesene. Several of these compounds were tested alone
and in mixtures on attractiveness for the vine weevil Otiorhynchus sulcatus (F.) in Þeld-grown
strawberry in Oregon. O. sulcatus were attracted to (Z)-2-pentenol (3 more than control) and a
1:1 ratio mixture of (Z)-2-pentenol and methyl eugenol (4.5 more than control). This is the Þrst
report of Þeld-active attractants for O. sulcatus which holds promise for the development of new
monitoring strategies for growers in the near future.
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The black vine weevil, Otiorhynchus sulcatus F. (Co-
leoptera: Curculionidae), is often cited as one of the
most important pests in the major nursery and small
fruit production areas throughout the United States,
westernCanada, and northernEurope (Moorhouse et
al. 1992). Traditional management of this insect cen-
ters on the use of insecticide sprays targeted at adults
in an attempt to avert egg-laying. However, growers
continually have problems properly timing spray ap-
plications because of the invisibility of the two life-
stages of the weevil, namely 1) adults are night-active
feeding on leaves, 2) larvae live in soil eating living
plant roots. Repeated insecticide applications target-
ing adults throughout the growing season kill a large
percentage of beneÞcial insects resulting in secondary
pest outbreaks. These sprays also make it impossible
for growers to use augmentive or inundative control
strategies for other insect pests using natural enemies.
In addition, retailers are driving themovement toward
residue-free soft fruit production that has also re-
stricted control measures.
The root weevils, Otiorhynchus spp., are ßightless
univoltine weevils; many reproducing via thelytokous
parthenogenesis (Downes 1922, Smith 1932, Suom-
alainen et al. 1987). Oviposition occurs at night with
eggs either droppedon the soil surface or inserted into
crevices on plants (Smith 1932). Early instars begin by
feeding on small roots while the later instars feed on
larger roots, especially on the phloem and cambium
tissues near the soil surface (La Lone and Clarke
1981). Adults are nocturnal and cause mainly esthetic
damage to plants by notching the leaves. Overwinter-
ing occurs in the larval stage and pupation and trans-
formation to adult occurs in the late spring to early
summer. Adults may live and reproduce more than
one year. The black vine weevil, O. sulcatus is the
primary species afßicting crops globally.O. sulcatus is
a univoltine, polyphagous insect that is a nocuous pest
of Þeld and container-grown ornamentals as well as
small fruit crops worldwide (Moorhouse et al. 1992).
In the United States, the environmental horticulture
industry (ßoriculture and nursery crops) is the third
largest value crop behind corn and soybeans (USDA
fact sheets, http://www.nass.usda.gov). O. sulcatus is
thought to have a northern European origin and was
Þrst recorded in North America in 1835 (Smith 1932).
All Otiorhynchus spp. appear to be omnivorous phy-
tophages in that a number of plant hosts have been
listed for each species. However, a number of studies
have found that evidence of damage, particularly by
adults, does not necessarily denote that the plant is a
viable larval host. Even cultivars within the same spe-
cies of host have shown differences in fecundity ofO.
sulcatus (Cram 1970a,b, 1980; Nielsen and Dunlap
1981;CramandDaubeny1982; ShanksandDoss1986).
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In both the eastern United States and in Europe, O.
sulcatus appears to feed primarily on a number of
angiosperms belonging to the plant orders Rosales,
Primulales, Saxifragales, and to a lesser extent the
Ericales. In those studies, strawberry was not the pre-
mier host (Smith 1932, Maier 1981, Nielsen and Dun-
lap 1981,Hanula 1988, vanTol et al. 2004, Fisher 2006).
Amajorproblem incombatingweevil attack ismon-
itoring and timing of control measures. Because of the
night-activityof the adults, growersdonotobserve the
Þrst emerging weevils in a timely manner and ovipo-
sition often starts before effective control measures
are taken. Weevil presence is usually determined by
monitoring weevil damage to the plants, but quanti-
Þcation and localization of the infested areas is quite
labor intensive. To prevent weevil oviposition, grow-
ers spray broad-spectrum pesticides every 2Ð3 wks.
Hence, integrated or biological control of other pests
is only possible when growers monitor very inten-
sively for weevil presence in the Þeld and apply pref-
erably nonpersistent and selective pesticides only at
sites of infestation. Although integrated control of
pests in nurseries is applied by some growers (Van der
Horst and van Tol 1995, van Tol 1996), high costs of
labor and mass-reared enemies prevent large-scale
introduction and acceptance of thismethod. Selective
attractants allow local qualitative and quantitative
monitoring of weevils at an early stage of infestation.
Because freshly emerged weevils have a preoviposi-
tion period of 3Ð4 wk, growers have the opportunity
to control weevils before the onset of egg-laying. Lo-
calized and early control of the emerging weevils will
reduce the number of pesticide applications and the
amountof chemicals used.The selectivemonitoringof
weevilswill help the growers identify the sites that are
at risk for grub infestation.Organic growers (primarily
small fruits) have to rely completely on monitoring-
basedapplicationsof entomopathogenicnematodes in
autumn because they do not use synthetic pesticides
and alternatives for adult control are not available at
this time. For organic, integrated pest management
(IPM) and conventional growers lure and kill could
provide a solution.
O. sulcatus shows a clear preference for odors from
speciÞc host-plants like Euonymus and Taxus (van Tol
and Visser 1998, 2002; van Tol et al. 2000, 2002a,b). In
laboratory assays it was shown that these plants, when
damaged by adult weevils, were more attractive than
the undamaged plants. Extracts fromEuonymus plants
were attractive as well. In this study, we determined
the speciÞc components in the extract responsible for
adult vine weevil attraction by combining two tech-
niques (gas chromatography coupled with electroan-
tennogram detection (GC-EAD) and gas chromatog-
raphy coupled with mass-spectrometry (GC-MS)).
The components involved in odor perception by the
weevil antenna were identiÞed and behavioral bioas-
says performed to determine which component(s)
were behaviorally attractive for the weevil. Based on
the laboratory results a selection of odors were tested
in a strawberry Þeld in Oregon on attractiveness for
the vine weevil O. sulcatus.
Materials and Methods
Volatiles were collected from a bio-active extract of
Euonymus fortunei ÔDartÕs BlanketÕ in parafÞn oil and
from cuttings of mechanically damaged and O. sulca-
tus-damaged E. fortunei DartÕs Blanket. The antennal
response to these plant odors by O. sulcatus were
measured by GC-EAD. Compounds giving an elec-
trophysiological response were tentatively identiÞed
byGC-MS.Whenthe tentatively identiÞedcompound
showed similar Kova´ts indices (Kova´ts, 1964) on our
chromatographic system and identical mass spectral
fragmentation pattern as the purchased synthetic
reference compound, it was considered to be a pos-
itive identiÞcation. A selection of plant volatiles that
gave an electrophysiological reaction on the an-
tenna were tested as single compounds and in sev-
eral mixtures of two or more compounds on bioac-
tivity (R.W.H.M.v.T., unpublished data) using the
olfactometer developed speciÞcally to study vine
weevil behavior (van Tol et al. 2002a). A small
selection of compounds bioactive in the lab was
tested under Þeld conditions in strawberry.
Headspace Collection.A Þltered 10-ml extract of E.
fortunei DartÕs Blanket in parafÞn oil (Uvasol, Merck,
Darmstadt, Germany) and four O. sulcatus-damaged
and fourmechanicallydamaged20-cm longcuttingsof
Þeld-grown E. fortunei DartÕs Blanket were used for
headspace collection. The extract was prepared by
crushing 30 g of fresh leaves from the top 15 cm part
of stems with 50 ml of parafÞn oil on ice. The extract
was crushed for 20 min followed by immediately
Þltering through Whatman No. 90 (diameter 15 cm)
paper Þlter. The Þltered Euonymus extract was stored
cool until use. Cuttings of Euonymus were mechani-
cally damaged with a scissor by four incisions per leaf
three hours before headspace collection. The O. sul-
catus-damaged Euonymus cuttings were prepared by
offering 10 vine weevils 16 h before headspace col-
lecting the cuttings. Weevils were removed and cut-
tings washed with deionized water before placing in a
fresh 100ml ßaskwithwater for headspace collection.
For 3 d the Euonymus cuttings or a daily refreshed
10-ml parafÞn oil extract of Euonymus in an open
petri-dish were placed under a glass bell jar (5 liters)
in a growth chamber at 20C and under long day
(L:D  16:8 h) light conditions. Air was puriÞed by
passage throughacharcoal Þlter anddrawnat 0.2 liters
min1 through the jar. Volatiles were entrained for a
total of 69 h. For the collecting of volatiles, Gerstel
thermodesorption tubes, Þlled with 80 mg Tenax TA
20/35mesh (GraceAlltech,DeerÞeld, IL),were used.
Before use, these tubes were cleaned by rinsing them
with 10 ml hexane and, subsequently, ßushing them
for onehour at 280Cwith 20mlminpuriÞednitrogen.
Each Tenax tube was refreshed after 8 h. The vola-
tiles trapped on the Tenaxwerewashed off with 15ml
hexane. The Tenax washings for each treatment were
pooled and concentrated under argon to one extract
(200 l) before GC-EAD and GC-MS testing.
Coupled GC-EAD. GC-EAD measurements were
carried out using an Interscience Trace GC-2000 (In-
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terscience, Breda, The Netherlands) equipped with a
cold on-column injector. The gas chromatograph was
equipped with a Grace-Alltech 30 m EC-5 fused silica
column, 0.25-mm IDand 0.25-mmÞlm thickness. Con-
ditions were: carrier gas, helium (constant ßow 1.7 ml
min1); temperature programming, 80C (0.8 min
hold) to 260C (10 min hold) at 25C min1; detector
temperature, 250C; the transfer line between the GC
and the EAD (Syntech Laboratories, Hilversum, The
Netherlands) followed the oven temperature. Over
the antenna, a ßow of puriÞed, humidiÞed air was
maintained at a ßow rate of 80 cm s1. The samplewas
equally split between a ßame ionization detector
(FID) and the EAG detector. Antennae were sepa-
rated from the weevil heads and mounted between
two glass electrodes Þlledwith a RingerÕs solution (6.4
mM KCl, 12 mM MgCl20.6H2O, 9.6 mM KOH, 12 mM
NaCl, 20 mM KH2PO4, 1 mM CaCl2, and 354 mM
glucose in deionized water). Antennal preparation
and EAG recording were performed according to the
procedure described by Visser and Piron (1995) and
van Tol et al. (2002b). The EAG recorder plus pe-
ripheral equipment were manufactured by Syntech
Laboratories. Approximately Þve antennal prepara-
tions with limited background noise for each treat-
ment showing responses to several compounds in the
extract were used for comparison. Only EAG re-
sponses that were present in all preparations at the
same retention time (Rt) were identiÞed as an EAG
positive response to a compound in the extract.
Gas Chromatography-Mass Spectrometry. Com-
pounds giving an electrophysiological response were
tentatively identiÞedbyGC-MS.When the tentatively
identiÞed compound showed similar Kova´ts indices
on our chromatographic system and identical mass
spectral fragmentation pattern as the purchased syn-
thetic reference compound, it was considered to be a
positive identiÞcation. GC-MS analyses were carried
out on a HewlettÐPackard 5973 mass selective detec-
tor (70 eV) coupled to a HewlettÐPackard 6890 gas
chromatograph equipped with a split/splitless injec-
tor. The gas chromatograph was equipped with an
Alltech 30mAT-5 fused silica column, 0.25mmIDand
0.25 m Þlm thickness run in constant ßow mode (1.3
ml/minHelium). Temperature programming: 50C (2
min hold) to 300C (8 min hold) at 5C/min (AT-5
column); transfer line temperature, 300C; injector
temperature, 230C. One microliter of concentrated
headspace volatiles were injected manually into the
GC-MS system for analysis. Injections were done in
splitless mode only (1 l).
Compounds and Treatments. A selection of single
plant compounds (A (Z)-2-pentenol and B (E)-
2-hexenol) and combinations of plant compounds
(C  A  B in ratio 1:1, D  A  methyl eugenol in
ratio 1:1, and E  A  B  methyl eugenol in ratio
1:1:1) were tested in a strawberry Þeld (Fragaria 
ananassa ÔTillamookÕ) for attraction of O. sulcatus.
Choice of compounds and mixtures were based on
identiÞcation of EAD-active compounds from head-
space of weevil-damaged E. fortunei DartÕs Blanket
plants and parafÞn oil extract of the same Euonymus
plant species combined with bioassay results with the
EAD-active compounds alone and in several mixtures
(R.W.H.M.v.T., unpublished data). The compound
(Z)-2-pentenol (purity 95%) was obtained from
Bedoukian (Danbury, CT), (E)-2-hexenol (purity
96%) from Acros (Geel, Belgium), and methyl eu-
genol (purity 98%) from Sigma-Aldrich (St. Louis,
MO). All chemicals were used without further puri-
Þcation. Single compounds and mixtures were intro-
duced in dispensers before use and sealed. In each
dispenser 0.4 ml of each compound was present.
Dispensers. Plant volatile dispensers were made of
1.5 ml LDPE Pasteur pipettes (Labo ScientiÞc, Ede,
The Netherlands). The compounds to be tested were
introduced into the pipette, the tip of which was then
sealed by heat. Before use, the tip of the pipette was
cut off at 1 cm above the reservoir portion. The open
tipof thedispenserhadan internaldiameterof 3.5mm.
This type of Ôhigh releaseÕ pheromone/kairomone dis-
penser are developed and used by Pherobank
(www.pherobank.com) for several years for the at-
traction of Phyllopertha horticola L. (Coleoptera:
Scarabaeidae) and has also been successfully tested
for attraction of the rosy apple aphid, Dysaphis plan-
taginea (Passerini) (Hemiptera: Aphidae) (van Tol et
al. 2009). Closed dispensers do not release high
enough amounts of the plant volatiles through the
polyethylene to attract these beetles and aphids com-
pared with partially opened vials. The dispenser is a
simple and cheap existing designwhich enables a high
release proÞle especially for larger quantities of plant
volatiles. The plant volatiles were commercial com-
pounds presented singly or in a deÞned mixture in
each dispenser.
Field Experiment. Experiments were performed in
a commercial strawberry Þeld in Oregon (Clackamas
County, OR) in 2009. Five different treatments (A, B,
C, D, and E) and one control were tested in the Þeld.
The control consisted of an empty dispenser.Dispens-
ers with odors were placed in the top part of a boll
weevil trap (Great Lakes IPM, Inc., Vestaburg, MI).
Each trap contained one odor-Þlled or control
(empty) dispenser located in the top capture assem-
bly. Bollweevil trapswere placed in the rowsbetween
the strawberry plants. Distance between each treat-
ment was 10 m. Each treatment of trap-odor was cou-
pledwith a trap-control treatment at adistanceof 10m
from each other and replicated four times for each
Þeld trial.Coupledodor-control set-upwasperformed
to minimize effects of possible uneven weevil distri-
bution throughout the Þelds. Dispensers were re-
freshed once a week. Traps and dispensers were
placed in the Þelds and monitored for weevilsÕ pres-
ence between May and August 2009. First weevils
emerging from soil were found in the Þrst week of
June. Traps and plants surrounding each trap-dis-
penser combination were monitored for weevils
weekly. Plants within the treatment row up to 60 cm
distance from the dispenser in either direction were
checked for weevil presence. Weevils found were
removed from the Þeld.
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Statistics. The Þeld tests were set-up as block de-
signs where the blocks consisted of four plots. Each
plot was divided into two subplots where one subplot
was the trap-odor treatment and the other subplot the
trap-control treatment. The four subplots within a
block were treated with the same odor. Each block
therefore contained four identical odor traps coupled
with four control traps. This set-up allows comparison
of each odor with the control but not comparison
between the different odors tested.
The total number of weevils for eachweevil species
per trap were analyzed using Generalized Linear
Model with logarithmic link, Poisson distribution, and
not Þxed dispersion using the 12th version of the
statistical package GenStat (Payne et al. 2009). The
Þxed part of the model consists of the additive effects
of block/plot and odor (of which the control was an
extra level). After the analysis, paired comparisons
were performed on the transformed scale data with
approximate t-tests between the odors and the con-
trol. Thereafter, estimates of the means of the weevils
per trapareback transformed to theoriginal scalewith
approximate standard errors.
Results
The headspace of mechanically damaged and wee-
vil-damaged E. fortunei DartÕs Blanket plants and the
leaf extract in parafÞn oil showed a different pattern
in release of compounds (Fig. 1).All EAD-active com-
pounds were present in all three headspace extracts
and only differences in strength of antennal responses
were found. The differences in strength are likely
related to the amount of the speciÞc compounds pres-
ent in the headspace of the different treatments. The
amounts of compounds and strength of the antennal
responses were not quantiÞed in this research. The
results show that of the 14 EAD-active volatiles (Z)-
2-pentenol, (Z)-3-hexenol and (E)-2-hexenol were
present in larger quantities in the headspace of the
Euonymus extract in parafÞn oil than in the headspace
of mechanically and weevil-damaged Euonymus lead-
ing to clearly stronger antennal responses for these
compounds in the extract compared with the plant
headspaces. High release of EAD-positive (E)-4,8-
dimethyl-1,3,7-nonatriene in weevil-damaged Euony-
mus compared with the mechanically damaged plant
and parafÞn oil extract indicate that this compound is
produced and released by the plants in increased
amounts as a response to weevil damage. There was,
however, no stronger antennal response to this com-
pound in the weevil-damaged plants compared with
the other treatments.
Results presented in Fig. 2 show the average num-
ber of weevils per replicate for each treatment after
statistical analysis of the total number of each weevil
species caught during the whole season. Except for an
occasional weevil caught in the boll weevil trap all
weevilswere found in the plants surrounding the odor
source. Treatment A (11.3, SE 3.3, P 0.01) and D
(18.2, SE  10.9, P  0.03) caught signiÞcantly more
O. sulcatus than the control (4.3, SE 0.7). The treat-
ments B (4.3, SE 2.6, P 1.0), C (7.9, SE 3.6, P
0.22), and E (3.3, SE  1.3, P  0.56) were not sig-
niÞcantly different from the control.
Discussion
This is the Þrst report of a successful attraction of
weevils in the genus Otiorhynchus to a synthetic kai-
romone consisting of plant volatiles (U.S. Patent Ap-
plication Serial No. 13/157,944). Three compounds
from the spindle tree E. fortunei DartÕs Blanket, at-
tractive for O. sulcatus (van Tol et al. 2002a), and
sensed by their antenna play a key role in attraction.
Of these compounds (Z)-2-pentenol alone and in
combinationwithmethyl eugenol appear to be attrac-
tive forO. sulcatus in strawberry. For twootherweevil
species in the same genus (O. ovatus and O. rugosos-
triatus), present in the strawberry test Þeld, there
were strong indications for attraction to a mixture of
(Z)-2-pentenol and(E)-2-hexenol (TreatmentC)but
not to the O. sulcatus attractive treatments.
Manyweevils in the genusOtiorhynchus are polypha-
gous and are parthenogenetic. Unless these weevil spe-
cies also produce an aggregation pheromone it is likely
that plant odors play a role in host-plant Þnding and/or
aggregation (e.g., feeding-induced release of plant com-
pounds attracting conspeciÞcs). In previous research
(van Tol et al. 2002a, 2004) attraction to frass and pref-
erence for feeding damaged plant species has been
shown. It was, however, still unknownwhat compounds
were actually involved in attraction. Likely plant com-
pounds produced by most plant species (e.g., the so-
called green leaf volatiles) play a role in attraction for
these polyphagous insects. Indeed, EAD proÞle of O.
sulcatus (van Tol et al. 2002b) showed strong antennal
responses to typical green leaf volatiles with strongest
responses to the C6 alcohols but not the C6 aldehydes,
acetates or ketones. In this research the headspace of a
preferred O. sulcatus-damaged host-plant (E. fortunei)
and an attractive host-plant extract (R.W.H.M.v.T., un-
published data) tested on weevilsÕ antennal response
via GC-EAD coupled with GC-MS analysis revealed
responses to two of these C6 alcohols present in the
headspace of the plants, namely (Z)-3-hexenol and
(E)-2-hexenol but also to a C5 alcohol, (Z)-2-pen-
tenol. In laboratory andÞeld tests only (Z)-2-pentenol
appeared to play a role in attraction of O. sulcatus
when combined with methyl eugenol. Pentenols are
compounds found in several plant species released in
substantial amounts when exposed to pathogen attack
(Heiden et al. 1999) and after freeze-thaw wounding
of plants (Fall et al. 2001). To our knowledge ours is
the Þrst report of any insect species responding be-
haviorally to pentenols; however, the related C5 al-
cohol 2-pentanol has been identiÞed as a component
of the alarm pheromone of the giant hornet Vespa
mandarinia Smith (Hymenoptera: Vespidae) (Ono et
al. 2003). Hedin (1972) described the presence of
several C5 alcohols, including pentenols, in distillable
oil from adult boll weevils Anthonomous grandis Bo-
heman (Coleoptera: Curculionidae) in trace amounts
but none of these compounds have ever been iden-
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tiÞed as attractants for this weevil species. The other
compound, attractive in conjunction with (Z)-2-pen-
tenol for O. sulcatus (methyl eugenol) occurs natu-
rally in plants fromover 200 species in 32 families (Tan
2000). Methyl eugenol is a well-known attractant for
several fruit ßy species Þrstly identiÞed as such by
Metcalf et al. (1975) and later also identiÞed by others
(LeBlanc et al. 2009) as an attractant for several ßow-
er-associated insects (honey bees, syrphid ßies, niti-
dulid beetles, and endemic crambidmoths) but not to
any insect species in the Curculionidae.
Whether attraction andpreference for certain plant
species by O. sulcatus is related to the presence,
amounts and ratio of one or more of the identiÞed
plant compounds remains unclear. Publications iden-
tifying highly volatile C5 alcohols in traceable
amounts in the headspace and/or distillates from
plants attractive forO. sulcatus are very rare. In straw-
berry foliage 1-penten-3-ol (Himanen et al. 2005)
has been found and in the headspace of strawberry
fruits 2-pentanol and 2-pentanone (Hakala et al.
2002, Urruty et al. 2002). Our research shows that
the threeOtiorhynchus species present in the straw-
berry test Þeld preferred different single com-
pounds and/or mixtures of compounds but more
testing is needed to optimize the composition and
Fig. 1. Responses (top lines in A, B, and C) of O. sulcatus antennae to components (bottom lines in A, B, and C) in the
headspace extract of (A) mechanically damaged, (B) weevil-damaged, and (C) crushed extract in parafÞn oil of leaves of
E. fortuneiDartÕs Blanket; (1) (Z)-2-pentenol, (2) (Z)-3-hexenol, (3) (E)-2-hexenol, (4) 1-octen-3-ol, (5) unidentiÞed, (6)
methyl benzoate, (7) linalool, (8) (E)-4,8-dimethyl-1,3,7-nonatriene, (9) estragole, (10) 4-tert butyl cyclohexanol, (11)
2-phenoxy ethanol, (12) (E)--ocimene, (13) methyl eugenol, (14) (E, E)--farnesene.
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ratio of the attractive compounds for each species
within this insect genus.
Apart from optimizing the odor composition, the
development of trap devices is essential to use the
odors for monitoring in the Þeld. We tested several
commercial available traps forweevil species butnone
were effective (R.W.H.M.v.T., unpublished data).
Otiorhynchus weevils are night active feeders and are
attracted to the host plants near the odor source at
night while the traps tested are designed to act as
daytime hiding locations and are not attractive for the
weevils to enter during feeding. Currently new trap
devices are being constructed and tested to improve
capture.
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